to regulate the adaptive metabolic and survival responses of these cells at sites of reduced oxygenation, more complex interactions between HIF and pro-inflammatory pathways are now emerging. The mechanisms by which HIF modulates pro-inflammatory myeloid cell lifespan and function remain to be fully characterised but roles for the oxygen sensing hydroxylase enzymes through direct hydroxylation of nuclear factor-kappa B (NF-B) and its repressor protein I B have been suggested. The ability of HIF to modulate cellular glucose utilisation is also thought to be important, with the maintenance of intracellular ATP pools linked to enhanced myeloid cell aggregation, motility, invasiveness and bacterial killing. Additional non-hypoxia mediated routes to upregulate HIF are also now recognised. In this review we describe the role of HIF in the oxygen sensing response, and the oxygen-dependent and -independent regulation of myeloid cell function and longevity. Understanding these processes and the role they play in regulating innate immune responses within inflamed sites, both hypoxic and normoxic, may offer new opportunities for therapeutic intervention. 
Oxygen and eukaryotes
Aerobic organisms depend on the effective delivery of oxygen to individual cells for the sustainable generation of ATP, which is essential for a wide range of biochemical processes. In multi-cellular eukaryotes, this has required the parallel evolution of respiratory and circulatory systems to achieve adequate oxygen delivery to individual tissues. It is now apparent however that the ability of cells to respond to changes in oxygen tension is key to their effective functioning over a range of patho-physiological oxygen tensions to which they are exposed in vivo. To this end an oxygen sensitive transcription factor, hypoxia inducible factor (HIF) 1 has been identified, which regulates individual cell responses to hypoxia and whose fundamental importance is shown by cross species conservation in Caenorhabditis Elegans 2, 3 , Drosophila melanogaster 4, 5 ,
Danio rerio and indeed all mammals 6 .
HIF and oxygen sensing
HIF is a heterodimeric protein composed of a constitutively expressed and promiscuous -subunit (aryl hydrocarbon nuclear translocator [ARNT]) and a 120 kDa oxygen sensitive -subunit, which is tightly regulated by enzymatic hydroxylation 8, 9 . 
Glycolysis and inflammation
In health, physiological oxygen tensions vary in a tissue and site specific way between 2-12 kPa 25, 26 . 33, 34 . Whilst the inhibition of effective glycolysis and consequent reduction in cellular ATP levels was proposed as the major mechanism for the above phenotype it has also been suggested that HIF-1 dependent changes in 2 integrin expression may play a role 35 . This latter proposal is based on the observation that hypoxia can induce up-regulation of 2 integrin expression and increase leukocyte adhesion to activated endothelial cells 35 . Taken together, these data provide compelling evidence for an inextricable link between the HIF oxygen sensing pathway and the regulation of myeloid cell function and acute inflammation.
Neutrophil apoptosis and inflammation
In 2002 it was reported that hypoxia has a profound survival effect on human neutrophils aged in vitro 36 . This effect was initially considered counterintuitive given the major proapoptotic response of many other cells to hypoxia. The role of the hydroxylase/HIF-1 /VHL pathway in the regulation of neutrophil apoptosis at sites of inflammation thus needed to be considered. Preliminary data suggested a direct role for HIF-1 in the regulation of neutrophil apoptosis since neutrophils isolated from the bone marrow of myeloid targeted HIF-1 knockout mice displayed a marked reduction in survival under hypoxic conditions 37 . The mechanism(s) by which HIF-1 regulates neutrophil survival remains to be fully elucidated though work by our group has pointed to a potential role of HIF-1 dependent regulation of IKK and NF-B, known regulators of apoptotic thresholds in neutrophils, and also PGK, a key enzyme involved in glycolysis 37 . With recent studies showing that pharmacological strategies to drive neutrophil apoptosis can result in enhanced resolution of inflammation in vivo 38 , targeting the HIF pathway may represent an important therapeutic option for the treatment of myeloid cell mediated
inflammation.
An oxygen independent role for the HIF/VHL pathway in the regulation of host defence and inflammation
In the light of the role of HIF-1 in the regulation of bacterial killing in vitro and the metabolic shift to glycolysis in myeloid cells, Peyssonnaux and co-workers studied the importance of HIF-1 in the regulation of phagocytic bactericidal capacity in vivo 34 .
They described a decreased bactericidal activity and exaggerated systemic spread of Direct evidence that the HIF1 /vHL pathway regulates the innate immune response in humans is provided by a series of experiments using neutrophils derived from patients with von Hippel Lindau disease 45 . The VHL tumour syndrome affects 1:36 000 of the population with patients inheriting a germline mutation in one VHL allele and the disease manifesting after a somatic mutation is acquired in the second remaining VHL allele 46 . A close correlation between genotype and tumour predisposition has been described in these families with 70% of mutations being inactivating and the remainder being missense mutations 46, 47 . Neutrophils isolated from these individuals are thus heterozygous for VHL expression and hence are predicted to express higher than normal levels of HIF due to inefficient VHL-mediated proteasomal degradation. In keeping with this circulating neutrophils from these patients have been shown to have a clear 'partial hypoxic' phenotype with delayed rates of apoptosis and enhanced bacterial phagocytosis under normoxic conditions 45 . These data provide further support for the view that HIF-1 10 controls several key effector functions in the neutrophil and highlights the close integration of oxygen sensing and inflammatory pathways in myeloid cells.
Downstream HIF-1 inflammatory targets
The full spectrum of downstream targets of HIF-1 in myeloid cells remains to be fully elucidated and represents an area of current research. However, vital clues to the importance of parallel signalling pathways are provided by in vitro experiments using transfected cell lines.
NF-B, a key pro-inflammatory transcription regulator, has already been linked to HIF-1 dependent and independent pro-inflammatory cytokine release by macrophages 48, 39 and also to neutrophil survival under anoxic conditions 37 (with TLR4 dependence in LPS HIF: from oxygen sensing to innate immunity
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The importance of glycolysis in maintaining intracellular ATP pools in both mononuclear cells and neutrophils at sites of inflammation has already been described 33 . Recent work detailing the growth factor-dependent regulation of HIF-1 and subsequent decrease in glucose-dependent anabolic synthesis and increase in lactate production 50 target, e.g. the hydroxylases, may be more desirable. When considering therapeutic 12 options it is important to remember that a delicate balance exists in vivo between pro-and anti-inflammatory signalling cascades, which may be subverted at anytime.
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